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ELEMENT THEREOF 



FIELD OF THE INVENTION 
The present invention relates to construction and method of 
manufacturing of electronic components such as infrared sensors for use, for 
example, in thermometers and human body detecting sensors*and piezoelectric 

A 

devices for use, for example, in acceleration sensors and the like. In particular, it 
relates to a method of manufacturing sensors which are useful for electronic 
components in general in which circuit structures required for impedance 
conversion by using field effect transistor elements and the like have been mounted, 
and resistive elements for use in these sensors. 

BACKGROUND OF THE INVENTION 

There exist many electronic components such as various types of 

sensors which require impedance conversion byttstftg field effect transistor 

elements and the like when talcing out a signal after amplifying^inute signal 

generated by the sensor. Fig. 5 shows an impedance conversion circuit employing 

a sensing element 51 and a field effect transistor element 53. 

In the impedance conversion circuit of Fig. 5, sensing element 51 is 

connected in series with a resistor 52, and the output -^id of sensing element 51 is 

connected to the gate of field effect transistor element 53. In a sensor generating a 

very small electrical signal, fui rcsist o i 52 ^ twooiotor W ith a rather high resistance 

value ranging from several tens of MfS^to several TS^is used in many cases 

A- 

depending on the type of sensor. 
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Fig. 6 shows a view illustrating the mounting on a stem of the circuit 
of Fig. 5. Four components are to be mounted, namely, a sensing element 61, a 
resistive element 62, a field effect transistor element 63, and a mounting board 64. 
In this configuration, the surface of a stem 65/ which is the substrate for mounting is 
5 covered with a metal, which work s ^ s a grounding (GND) electrode 66. This is 
for the purpose of % > rotecting - from external noises. Field effect transistor element 
63 is formed on a silicon substrate, and an electrode 4 6 work - as a gate terminal (G) 
is formed on the rear surface of the chip whereas a source electrode (S) and a drain 
electrode (D) are formed on the top surface of the chip. 
10 From the standpoint of circuit configuration, it is impossible to 

; dispose field effect transistor element 63 directly on stem 65. Consequently, it is 

first connected via a conductive resin 67 on mounting board 64. which is provided 
i with a connecting electrode on the top surface. While bonding of components 

other than field effect transistor element 63 does not require a conductive resin, the 
1 5 same conductive resin 67 is generally used for simplifying the mounting process. 
The connection between electrodes of each elements and substrate electrodes is 
performed by wire bonding using thin metal wires 68 of Al or Au, and then to an 
external terminal 69. . 

As has been described above,yg;onventional canned package has as 
20 many as four components that need to be mounted, calling for six wires to be wire 
bonded, ^se^ of many components means not only a high materials cost but also 
an increase in man-hours for the mounting process resulting in a high cost. Also, 
as a space is required on the stem, a larger stem is required^aking the sensor size 
larger. 
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The present invention addresses these issues and aims at realizing a 
lower sensor cost as well as providing a smaller package. 

SUMMARY OF THE INVENTION 
5 In addressing the above issues, the present invention provides a 

method of manufacturing a sensor comprising a resistive element having a top 
surface electrode and a bottom surface electrode, a sensing element generating an 
electrical signal by sensing energy froni^jputside, a field effect transistor element on 
the rear side of the chip of which a gate electrode is formed, and a substrate having 
Ch 10 a first electrode, a second electrode, and a third electrode on its top surface, the 

method comprising the steps of electrically connecting the bottom surface electrode 
of the resistive element and first electrode of the substrate, electrically connecting 
the field effect transistor element onto the resistive element so that the gate 
electrode and a portion of the top surface electrode of the resistive element meet, 
15 electrically connecting one of the electrodes of the sensing element and a portion of 
the top surface electrode of the resistive element, electrically connecting the source 
and drain electrodes of the field effect transistor element respectively to the second 
electrode and the third electrode on the substrate, and electrically connecting the 
other electrode of the sensing element to the first electrode on the substrate. With 
20 this invention, the mounting board of the prior art example becomes unnecessary 
and the number of wires is reduced fi*om 6 to 4 thereby reducing the cost. Also, as 
a resistive element is disposed at a position where a mounting board is disposed in 
the prior art, the space occupied by the resistive element becomes unnecessary thus 
providing a smaller package. 
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The present invention also provides a sensor in which the resistive 
element of the above described sensor is formed with a ceramic material, glass 
material,^r ferrite material, and in which a resistor body having a relatively high 
resistance value in the range from several tens of M^io several T^can be formed 
with ease. 

The present invention also provides a method of manufacturing a 

resistive element having a predetermined resistance value by forming in advance an 

electrode over the entire top and bottom surfaces of a flat resistor body with a large 

area and cutting to arbitrary dimensions after measuring the resistance value. 

According to this invention, as the resistance value is inversely proportional to the 

area of the electrode, it is possible to change the resistance value by the size to be 

cut based on the resistance value measured in advance when the area is large, 

thereby allowing formation of a resistive element having a precise resistance value 

which is intended to be obtained after cutting. Also, by changing the area to be 

cut, it is possible to obtain resistive elements having many types of resistance 

values from the same resistor body. Furthermore, it is a method of manufacturing 

with superiority in mass producibility as it is possible to configure a continuous 

mounting process from cutting to mounting by employing a cutting method such as 
rr 

dicing the like. The present invention also provides a method of 
A- 

manufacturing resistive elements in which the resistor body to be used for the 
resistive elements is formed at a sintering temperature such that the rate of water 
absorption becomes 1% or -below. According to this invention, even when a 
process in which cutting of the resistor body to be used for resistive elements is 
diced while water is being sprayed, no change in the resistance value due to water 
absorption or moisture absorption by the resistor body occurs. It is also possible 
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to realize a high reliability resistive elements as no change in the resistance value is 
caused even under a high-temperature, high-humidity environment. 

Furthermore, in the present invention, the method of manufacturing 
the above described sensor is one in which the resistive element is simply a 
5 resistive element of which the electrodes are formed on the top and bottom surfaces 
of the resistor body, a first electrode on a substrate is electrically connected with the 
bottom surface electrode of the resistive element via an conductive material, and a 
predetermined resistance value is obtained by controlling the amount of the 
conductive material so as to control the amount of resin which rises on the sides of 
fC 10 the resistor body. With this invention, it is possible to correct the resistance value 
12 by controlling only the amount of resin to be coated even when there is some 

^disporsion in the obtained resistance values among production lots. 
£3 The present invention also provides a method of manufacturing a 

\^ resistive element having a predetermined resistance value in which the resistance 

: c 

□ 1 5 value is controlled by heat treating a resistive element of the above described sensor 
in a vacuum, in a reducing gas atmosphere, or in an inactive gas atmosphere after 
^ formin^top surface and bottom surface electrodes. According to the present 

invention, as it is possible to change the resistance value of the resistive elements 
fabricated by the same method of manufacturing over a wide range, it makes it 
20 possible to configure resistor bodies having many types of resistance values from a 
resistor element fabricated by the same method of manufacturing. It is also 
possible to change the resistance value of a resistor body after mounting. 

In the method of manufacturing the above resistive element, the 
present invention provides a method of manufacturing in which resistive elements 
25 are fabricated by heat treatment in the atmosphere or in an oxygen atmosphere after 
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heat treatment in a vacuum, reducing gas atmosphere, or inactive gas atmosphere. 
According to this invention, it is possible to fabricate stable and high-reliabihty 
resistive elements of which the resistance value does not change during mounting 
of the above-configured resistive elements or during heat treatment after mounting. 
5 Furthermore, in the present invention, the electrodes to be formed on 

the top and bottom surfaces of a resistive element^^^made of a metal containing 
either of chromium, tin, or indium. According to this invention, even when a 
resistor body formed with a ceramic material, glass material, or ferrite material has 

Q ■ 

a resistance value close to that of an insulator, it is possible to ftirther widen the 
fh 10 variable range of the resistance value in the above configured resistive elements by 

1 5 S 

M employing a metal containing either of chromium, tin, or indium as the electrode of 

=p the resistor body. 

H BRIEF DESCRIPTION OF THE DRAWINGS 

□ 15 Fig. 1 is a cross-sectional view of a sensor in a first exemplary 

embodiment of the present invention. 

Figs. 2A to 2C are views illustrating the method of manufacturing a 
resistive element in a second exemplary embodiment of the present invention. 

Fig. 3 is a graphical representation of the dependence of the resistance 
20 value on the amount of a conductive resin in a third exemplary embodiment of the 
present invention. 

Fig. 4 is a graphical representation of heat treatment temperature 
dependence of the resistance value in a fourth exemplary embodiment of the 
present invention. 
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Fig. 5 is a circuit diagram of an impedance conversion circuit of a 

sensor. 

Fig. 6 is a cross-sectional view of a prior art sensor. 

5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First exe mplary embodiment 
A — Referring tojjlrawings, a description of a first exemplary embodiment 

of the present invention will be given in the foll ewmg. Fig. 1 shows a cross- 
O sectional view of a sensor of the present embodiment. In Fig. 1, a sensing element 

=F 10 1 is a sensing element which generates an electrical signal by sensing external 

fn 

W energy or stimulus such as from an infrared sensor, pressure sensor, or shock sensor. 

Sensing element 1 usually has multiple output terminals. A resistive element 2 

- has a top surface electrode 4 and a bottom surface electrode 5. In a sensor 

C3 

. generating a very small electrical signal, a relatively high resistance value is 

15 required. A gate electrode 6 is formed on the rear surface of a field effect 

transistor element 3, and a source electrode and a drain electrode are formed on the 
top surface. The surface of a stem S^which is a substrate for mounting is covered 
with a metal that forms a grounding (GND) electrode as is the case with a stem 65 
of the prior art in Fig. 6. Sensing element 1 is secured onto stem 8 with a die 
C\^20 bonding resin 1 l^nd the like. Generally, die bonding resin 1 1 contains an 
insulating or a conductive filler. 

Subsequently, resistive element 2 is secured on top of the grounding 
electrode 12 on stem 8 with an conductive material 9 so as to connect its bottom 
y? surface electrode 5 of resistive element 2 with,grounding electrode, followed by 
25 securing field effect transistor element 3 on top of resistive element 2 witltia 
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^ conductive material 10. During this process, the configuration is^^cT'^anged^at 

a portion of top surface electrode 4 of resistive element 2 and gate electrode 6 

become mutually electrically conducting. Conductive materials 9 and 10 are, for 

example, a die bonding resin containing a conductive filler. Die bonding resin 1 1 

5 and conductive materials 9 and 10 can be a common material. 

(/^ Next, the structures sojuade-that one of the electrodes of sensing 

element 1 and a portion of top surface electrode 4 of resistive element 2 are 

electrically connected, and the other electrode of sensing element 1 and grounding 

D • electrode 12 are electrically connected. The source electrode and drain electrode 

=P 10 on field effect transistor element 3 are respectively connected to a second electrode 

1=^' 7 and a third electrode 13 on stem 8. Generally, these connections are performed 

by employing wire bonding .^^l^^in which electrodes are connected by a fine 

metal wire 14 similarly to the prior art example illustrated in Fig. 6. 

According to this sensor configuration, the mounting boar^on which 

15 mounting is performed in the prior art becomes unnecessary and the number of 

wires is reduced from 6 to 4, thus resulting in a lower cost. Furthermore, as the 



resistive element is positioned in the place where the mounting board bas-beerr" 
lA-^ ^lacfed 'in the prior art, the space occupied by the resistive element becomes 
unnecessary, thus a smaller package can be realized. 
20 In a sensor in which a very small amount of electrical signal is to be 

CK^ - taken out , the resistance of resistive element 2 has to be an extremely high value in 

the range from several hundreds of Mi2 to several TpL " When tiymg to obta m-^ 
-stteh-high resistance values^ it is ^ easy - to realise by using sintered bodies such as 



ceramic materials, glass materials, and ferrite materials^hich have higher 
25 resistance values than that of usual carbon based resistor bodies. 
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Second exemplary embodiment 
Figs. 2A to 2C illustrate the method of manufacturing resistive 

elements in a second exemplary embodiment of the present invention, ^ey 

5 s pecifically ' illustrate the method of manufacturing the resistive element as — 
described in the first exemplary embodiment. Fig. 2A shows the process of 
forming electrodes 22 on the top and bottom surfaces of a flat resistor body 2 1 . 
Several methods are available for the formation of the electrodes, for example, a 
-j' method of forming relatively thin films by -such as^ vacuum deposition and 

10 sputteringj^nd a method of forming relatively thick films by^ueh-as plating. Also, 
a method in which the electrodes are formed by printing prior to firing a resistor 
I body has the advantage of being superior in mass producibility. As it is necessary 

^ to make electrical connections in the subsequent process with a conductive resin or 

I by wire bonding method, it is effective to form Au, which does not form an oxide 

i 1 5 film, over the outermost surface of the metal to be used as the electrode. 
0^ Fig. 2B shows the process of measuring^esistance value by making a 

contact electrode 23 come in contact with the top surface and the bottom surface 
electrodes. Since the resistance value is inversely proportional to the electrode 
area, it is possible to precisely predict in advance the resistance value of a resistive 
20 element after it has been cut by measuring the resistance value of the electrode with 
a large area before cutting. In other words, even when the resistance value of a 
C\ resistor body is deviating to a certain extent, it is possible to fabricate a resistive 

element having a precise resistance value by adjusting the size to be cut. 

For cutting, a dicing method as illustrated in Fig. 2C is often tt^ed: 
25 First, a sticky dicing tape 24 is laminated on a dicing ring 25, and a resistor body to 
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be diced is made to stick on top of the tape. Cutting is performed by subsequently 
moving a dicing blade 26 which is revolving at a high speed on the resistor body. 
During this process, water is sprayed to dicing blade 26 in order to reduce the 
friction between the dicing blade and the resistor body. Also, the system is so 
5 configured that the dicing ring itself can be installed on a mounting machine after 
cutting, thus allowing arrangement of the resistor up to the mounting process. 

According to this method of manufacturing resistive elements, it is 
possible to predict the relationship between the size to be cut and the resistance 
value of a resistive element after being cut by making a measurement in advance of 
10 the resistance value of the resistor body when the area is large. Consequently, a 
resistive element having a precise resistance value intended to be obtained after 
=P cutting can be formed. Also, by changing the area to be cut, resistive elements 

having many kinds of resistance values can be formed from the same resistor body. 
Furthermore, by employing a cutting method such as dicing and the like, a 
^1 15 continuous mounting process from cutting through mounting can be configured, 
thus providing a method of manufacturing resistive elements with superior 
reproducibility. 

The use of dicing for cutting/neans that the resistive elements 
undergo a process of being immersed in water. In the event the resistive elements 

20 are porous and water absorbing or moisture absorbing, once water is absorbed, the 
resistance value becomes extremely low thus not indicating normal resistance 
values. For example, when the water absorption rate is 4%, the resistance value 
after water absorption decreases by about an order of magnitude. On the contrary, 
when the water absorption rate is 1% or-b^ew; there is little change in the 

25 resistance value. Therefore, the sintering temperature of the resistive elements is 
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set at a relatively high temperature in order to mak e the water absorption rate to 1% 
or fe e low . This is also effective in keeping the resistance value stable under a high 
humidity environment. 

5 Third exemplary embodiment 

Referring now to Fig. 3, the method of manufacturing resistive 
elements in a third exemplary embodiment of the present invention will be given. 
Fig. 3 shows the dependence of the resistance value on the amount of the 

^3 conductive resin when a resistive element on which only electrodes have been 

% L 

10 formed on the top and bottom surfaces of the resistor bod^such as fabricated by the 

S > 

process described in the second exemplary embodiments secured on a substrate 
% with a conductive resin. As shown in Fig. 3, the amount of resin which rises on 

the sides of the resistive element^increases with the increasing amount of the 



A 

conductive resin. And, as the amount of the conductive resin that rises on the 



=i 15 sides increases, the resistance value of the resistive element decreases. This is 
because the portion of the conductive resin which attaches to the sides functions 
like an electrode thus causing a state as if the electrode area has been enlarged or 
the distance between the top and bottom electrodes has been diminished thereby 
reducing the resistance. For coating^ the resin, a dispenser or a transfer tool is 

20 used as the coating apparatus, a certain amount of resin can be coated with a 
relatively good controllability. 

In the present invention, in mounting a resistive element on a 
substrate, a predetermined resistance value is obtained by making the structure of 
the resistive element a simple one obtained by forming electrodes orj^op surface 

25 and bottom surface on a resistor body and controlling the amount of resin which 
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rises on the sides of the resistive element through control of the amount of the 
conductive resin to be coated. According to this embodiment, it is possible to 
correct the resistance value by controlling only the amount of the resin to be coated 
even when there exists some «sp ersion -4n resistance values among the production 
lots. 

Moreover, similar ^ i ffect can be obtained when the conductive resin is 
replaced with a low-melting point metal such as solder. 



Fourth exemplary embodiment 
Referring to Fig. 4, the method of manufacturing resistive elements to 
be used in a sensor in a fourth exemplary embodiment of the present invention will 
be described. Fig. 4 is a representation of the effect of heat treatment when 
resistive elements are configured with a resistor body composed of a ceramic 
material, glass material, or ferrite material which is composed of metal oxides. As 
shown in Fig. 4, heat treatment temperature dependence of the resistance value is 
high when heat treatment is performed in a vacuum containing no oxygen. This is 
attributable to a decrease in the resistance value due to diffusion int^^lm of the 
metal contained in the electrode and to a change in the composition of the resistor 
body due to separation of oxygen contained in the resistor body as a result of heat 
treatment. On the other hand, when heat treatment is performed in the atmosphere, 
the resistance value does not change ii^eh- as shown in Fig. 4. This is because 
diffusion of metal is deterred due to attraction by oxygen in the atmosphere or 
oxygen in the resistor body is difficult to be separated. Consequently, in the 
present invention, heat treatment is performed in a vacuum, reducing gas 
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atmosphere, or inactive gas atmosphere in order to control the resistance value and 
to form resistive elements having a predetermined resistance value. 

According to this invention, as it is possible to change the resistance 
value of resistive elements fabricated by the same method of manufacturing over a 
5 wide range, it is possible to fabricate resistor elements having many kinds of 
resistance values even with resistive elements fabricated by the same method of 
manufacturing and having the same size. As a result, even when the space for 
mounting a resistive element is limited, a resistive element having a predetermined 
□ resistance value and an arbitrary size can be fabricated. Furthermore, the 

^ Ft ■ • 

=p 10 resistance value of the resistor elements can be changed after being mounted. 
IJ However, when the resistance value is made extremely small, the 

-P^ v_ resistance value sometimes gradually increases when the resistor element^eft 
l^"^ standing in the atmosphere. This is because oxygen in the atmosphere is token * 

into the resistor bodies^gain. Although the change is not too large, fluctuation of 



15 the resistance value is not desirable. Therefore, after decreasing the resistance 

value once by performing heat treatment in a vacuum, in a reducing gas atmosphere, 
or in inactive gas atmosphere, heat treatment is performed in the atmosphere or in 
an oxygen atmosphere. The temperature of the heat treatment is preferably the 
temperature to be experienced in the subsequent process or a temperature higher 

20 than the highest operating temperature of the sensor. Caution is to be taken 
especially when mounting the sensor because it is subjected to a relatively high 
temperature. With this method, stable and high reliability resistive elements can 
be configured. This method has also an added effect of minimizing resistance 
value dispersion enlarged by the decrease in the resistance value. 
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Use of a metal containing either of chromium, tin, or indium as the 



electrode material to be used in the resistive elements will provide a larger amount 
of resistance change due to heat treatment in a vacuum. This is because these 
metals are easy to diffuse into oxides. Especially when configuring an electrode 
5 by laminating plural metals, better effect of diffusion can be obtained by fomiing 
film of these metals closest to the resistor body. As tin and indium in particular 
exhibit electrical conductivity even when oxidized, the resistance change becomes 
greater. Resistance value of a ceramic material, glass material, or ferrite material, 
all being oxides, drastically decreases as the temperature rises. When the degree 



10 of resistance value decrease with temperature is large, it may cause some ^oDlem 
depending on the application and operating temperature range of the sensor. 
However, by diffusing these metals in the resistor body, the degree of resistance 
value decrease with temperature can be lessened. 



15 embodiments, it is possible to precisely set the resistance value of a resistive 

element to be used in a sensoi)thus enhancing the accuracy of the sensor and at the 

A 

same time reducing the cost by raising the yield of the resistive element. 



reduction as the number of wires can be reduced from 6 to 4 when compared with 
20 the prior art sensor configuration. Also, as a resistive element is disposed at a 
position where a mounting board is placed in the prior art, the space occupied by 
the resistive element becomes free thereby providing an advantageous effect of 
obtaining a smaller package. Furthermore, a sensor with a higher accuracy can be 
V obtained as the resistance value of the resistive element can be precisely controlled. 




According to the methods described in the above second to fourth 



As has been set forth above, the present invention allows cost 
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Numerals 

1 . Sensing element 

2. Resistive element 

3. Field effect transistor element 

4. Top surface electrode of resistor body 

5. Bottom surface electrode of resistor body 

6. Gate electrode 

7. Second electrode 

8. Stem 

9. Conductive material 

10. Conductive material 

1 1 . Die bonding resin 

12. Grounding electrode 

13. Third Electrode 

14. Thin metal wire 

21. Resistor body 

22. Electrode 

23. Contact electrode 

24. Dicing tape 

25. Dicing ring 

26. Dicing blade 




